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EMULATION OF DYNAMICALLY RECONFIGURABLE 
COMPUTER SYSTEM 



RELATED APPLICATIONS 
The present application is related to pending, commonly assigned, and concurrently 
filed U.S. Patent Application Serial No. [Attorney Docket No. 10002222-1 entitled 
"PERSISTENT EMULATED DATA STORAGE USING DEDICATED STORAGE IN A 
TARGET MODE DISK EMULATOR" which is incorporated herein by reference. 



TECHNICAL FIELD 
The present invention relates in general to peripheral device emulation and in 
particular to including emulation of control and power circuitry in peripheral device 
emulation. 
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BACKGROUND 

When constructing data processing or communication equipment, it is generally 
desirable to emulate the operation of various components and the interaction of these 
components with each other before all such components are available for actual physical 
testing. Such emulation generally enables the identification of potential fault conditions to 
be identified and the exercise of software within host devices designed to identify and 
respond to fault conditions originating within peripherals or other devices. 

Generally, prior art systems are able to emulate data communication between the host 
and its peripheral devices occurring under steady state conditions. This may be 
accomplished by connecting data communication wiring or cabling between the host and 
emulator and causing the host equipment to communicate with the emulating device or 
emulator. Generally, the emulator is intended to operate, from the vantage point of the host 
device, just as though it were the device being emulated. The emulator generally emulates 
operation of a selected device under conditions wherein control signal conditions and power 
connections to the device being emulated are fixed throughout an emulation session. 

FIGURE 1 depicts an apparatus for conducting emulation of a peripheral device 
according to a prior art solution. Host device or host computer 101 is shown connected to 
emulator 102 by data connection 103. Any variation in the control settings and power 
settings of a device being emulated by emulator 102 is generally established by emulator 102 
itself. 

While the prior art solution may effectively emulate operation of the data connection 
between host computer 101 and emulator 102, the prior art setup of FIGURE 1 will generally 
not allow host computer 101 to respond to variations in control settings and power conditions 
within emulator 102 as host device 101 will generally have no information pertaining to such 
control settings and power conditions. 

Accordingly, the prior art emulation approach eliminates an entire category of testing 
of apparatus 100. For example, any effects of power-up or power-down operations within 
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emulator 102 will generally not be discernible to host computer 101 . Accordingly, host 
computer 101 will generally not be able to determine how fault detection and recovery 
software, which may be present in host computer 101, would respond to such power cycling 
operations. 

5 Accordingly, it is a problem in the art that emulation generally does not enable host 

devices to determine or measure control settings and power conditions present in an 
emulator. 

It is a further problem in the art that if a change in a control setting or power 
condition for an emulated device causes a disruption in data communication, the host 
%0 computer will generally not be able to determine a cause of such disruption. 

:q It is a further problem in the art that host device fault detection and recovery software 

p will generally not be fully exercised in prior art emulation systems. 



a SUMMARY OF THE INVENTION 

3 The present invention is directed to a system and method which incorporate control 

and power connections between a host computer or host device and an emulator to more fully 

:# exercise the operation of the host device connected to an emulated device. While physical 

connections may be implemented between the host computer and the emulator to emulate 
actual power and control data lines between the host computer and a real peripheral device, 
programs are preferably included in the operation of the emulator to provide an appropriate 

20 response to the host device based on a likely response of the device being emulated, as 
calculated by algorithms included in the emulator software. 

In a preferred embodiment, deployment of a power data line connection between the 
host computer and a peripheral may be used to detect the physical presence or absence of a 
peripheral device at a point of connection to a host device. Use of the power data line 
25 connection may be limited to such mere presence detection where the peripheral device being 
emulated is powered separately from the host computer. However, alternatively, the 
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emulator may receive data representing power values along a power data line connection, 
thereby enabling the host device to both control and monitor a level of emulated power 
transmission to a device being emulated by the emulator. 

An increasing number of applications, particularly those in high availability computer 
storage systems employ some form of "hot plug" or dynamic removal and replacement 
capability for disk drives or other storage systems within a computer system. Such hot plug 
replacement of system components generally involves connecting and removing disk drives 
to and from computer systems without powering down the overall computer system. A 
system for emulating the operation of such a system would preferably include a mechanism 
for emulating the operation of control and power data lines, as well the effects of abrupt 
connection and disconnection of power data lines to a data storage device on data 
communication between a host device and the data storage device or other peripheral device. 
Preferably, employing the inventive system and method, an emulated peripheral device may 
be caused to appear and disappear dynamically at selected ports of a host device. 

Herein, "control data" generally refers to information representing control commands, 
address values, messages, data, and/or system settings, any of which may be static or 
dynamic, and which may be transmitted along a control data communication line, "power 
data" preferably includes information representing power levels to be supplied to an emulated 
device, "operational data" generally refers to data including control data and/or power data, 
and "user data" generally refers to data stored within storage devices such as disk drives, 
wherein the content of such user data is generally not used to establish a control setting or 
power value within an emulated device or computer system. 

In a preferred embodiment, the host device may transmit control data along control 
data line connections between the host device and peripheral device and check for proper 
operation of the emulator software, as well as the host device software, in response to 
selected commands. An example is presented in which the host device issues a command to 
identify a particular peripheral device as disk drive number 5, and subsequently transmits 
data along a user data line connection having a destination address of disk drive number 4. 
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In this case, the emulator would generally respond with an error message indicating that it is 
unable to process a request to store the transmitted data since the "disk drive number 4" has 
been reached in error. Alternatively, the emulated device may simply not respond at all, at 
which time the host device would generally "time out" while waiting for a response. 

5 In a preferred embodiment, deployment of a power data line between the host device 

and emulator enables emulation of a selected device within the emulator during transient 
power conditions to be emulated by the inventive system. The inventive approach preferably 
enables the host device to monitor data traffic on the data communication line occurring 
during simulated power-up or power-down of the emulator. Appropriate effects on the data 

10 communication line caused by power-up and power-down conditions within the emulator are 
preferably implemented by software included in the emulator. Producing appropriate effects 
and/or disturbances in the data communication line in response to power cycling conditions 
preferably enables the host computer to fully exercise diagnostic and recovery operations 
implemented in the code within the host device. In this manner, the features of the host 

1 5 system may preferably be more fully exercised than when employing systems of the prior art. 
Moreover, the emulator may used in such a way as to permit emulation of dynamic 
connection and disconnection of a peripheral device where the behavior of the pertinent 
peripheral device under transient power conditions is known. The practice of peripheral 
device dynamic connection and disconnection is referred to herein as "hot plug" operation. 

20 Accordingly, it is an advantage of a preferred embodiment of the present invention 

that the host device is able to monitor and establish the control and power settings for an 
emulated device employing control and power connection lines of the present invention. 

It is a further advantage of a preferred embodiment of the present invention that 
diagnostic and recovery functionality within the host device may be more fully exercised 

25 than in prior art systems. 

It is a still further advantage of a preferred embodiment of the present invention that 
dynamic connection and disconnection of peripheral devices to a host device may be 
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practiced employing information pertaining to transient power characteristics of various 
peripheral devices. 

The foregoing has outlined rather broadly the features and technical advantages of the 
present invention in order that the detailed description of the invention that follows may be 

5 better understood. Additional features and advantages of the invention will be described 

hereinafter which form the subject of the claims of the invention. It should be appreciated by 
those skilled in the art that the conception and specific embodiment disclosed may be readily 
utilized as a basis for modifying or designing other structures for carrying out the same 
purposes of the present invention. It should also be realized by those skilled in the art that 

P0 such equivalent constructions do not depart from the spirit and scope of the invention as set 
*~ forth in the appended claims. The novel features which are believed to be characteristic of 

the invention, both as to its organization and method of operation, together with further 
objects and advantages will be better understood from the following description when 

S considered in connection with the accompanying figures. It is to be expressly understood, 

1 5 however, that each of the figures is provided for the purpose of illustration and description 
only and is not intended as a definition of the limits of the present invention. 
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BRIEF DESCRIPTION OF THE DRAWING 
For a more complete understanding of the present invention, reference is now made 
to the following descriptions taken in conjunction with the accompanying drawing, in which: 

FIGURE 1 depicts apparatus for conducting emulation of a peripheral device 
according to a prior art solution; 
5 FIGURE 2 depicts apparatus for connecting a host device to an emulator according to 

a preferred embodiment of the present invention; 

FIGURE 3 is a block diagram representing interaction between various software 
elements according to a preferred embodiment of the present invention; 
- FIGURE 4 depicts apparatus for use in interfacing an emulator to a host device 

~ 1 0 according to a preferred embodiment of the present invention; 

FIGURE 5 depicts a control interface connection between a host device and an 
emulator according to a preferred embodiment of the present invention; 

FIGURE 6 depicts an example of logic flow during a device emulation according to a 
preferred embodiment of the present invention; and 
1 5 FIGURE 7 depicts computer apparatus adaptable for use with a preferred 

embodiment of the present invention. 
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DETAILED DESCRIPTION 

FIGURE 2 depicts an apparatus for connecting a host device to an emulator according 
to a preferred embodiment of the present invention. The embodiment of FIGURE 2 
preferably operates to enable more accurate emulation of various peripheral devices emulated 
by emulator 202 than was possible employing the systems of the prior art. This more 
accurate emulation is preferably made possible by more accurately representing the physical 
interface between the host device 201 and a hypothetical peripheral device by employing a 
plurality of connection lines between the host device 201 and emulator 202. Although the 
embodiment of FIGURE 2 depicts three such connection lines, it will be appreciated that 
fewer or more than three such connection lines may be employed, and that all such variations 
are included within the scope of the present invention. Although the following discussion 
generally concerns an embodiment in which host device 20 1 is connected to a single 
emulator 202, where emulator 202 emulates a single device, it will be appreciated that 
multiple emulators may be connected to host device 201, and multiple peripheral devices 
could be emulated by any single emulator, and all such variations are included in the scope of 
the present invention. 

In a preferred embodiment, user data line 203 preferably provides bi-directional data 
communication between host device or host computer 201 and emulator 202. In addition to 
user data line 203, the embodiment of FIGURE 2 preferably provides control data line 204 
and power data line 205. It will be appreciated that one or more of each of user data line 
203, control data line 204, and power data line 205 may be implemented. Moreover, the 
present invention may incorporate connection lines for purposes other than those described in 
connection with lines 203, 204, and 205. 

A plurality of different devices and device types may be emulated by emulator 202, 
including, but not limited to, disk drives, tape drives, other storage media, input/output (I/O) 
devices, processors, fans and other electro-mechanical components preferably having data 
interfaces. Preferably, a common set of data, control, and power data lines may be employed 
between host device 201 and emulator 202 for the purpose of emulating a range of different 
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physical devices. Each emulation process will preferably involve deploying software within 
both host device 201 and emulator 202 appropriately suited to the device being emulated. 
For example, the behavior profiles of an I/O device and a hard disk drive during power-up 
and power-down conditions may vary. Software implemented in the emulator for these two 
cases of emulation preferably accurately reflects the behavior of the devices being emulated 
under their respective actual operating conditions. 

In a preferred embodiment, control data line 204 may be employed to control settings 
including but not limited to: designation of address destinations, identification of address 
locations as well as data interface lines employed to enable the interface. For example, host 
device 201 may transmit a data location identifier to emulator 202 along control data line 204 
which preferably remains active throughout a particular emulation session unless modified by 
host device 201. Establishing such a setting may cause changes in the operation of one or 
more of the other lines 203 and 205 connecting host device 201 and emulator 202. 

For example, where emulator 202 emulates a disk drive, host device 201 may 
transmit a message along control data line 204 to designate the emulated disk drive as disk 
drive number 4. Continuing with the example, a data message is subsequently transmitted 
along user data line 203 from host device 201 to emulator 202 within a data packet indicating 
that the intended destination address for the data is disk drive number 5. In this case, 
emulation software within emulator 202 preferably does not store the data and may 
optionally return an error condition to the host device 201 . Alternatively, the emulation 
software may simply not respond at all, thereby causing a time-out condition in host device 
201 . In this example, it may be seen that messages transmitted along control data line 204 
may affect communication occurring along user data line 203 . Whether the emulator's 
response is to send an error message or to not respond at all, the operation of the host device 
in response to an improperly directed message, in the emulation environment, may be fully 
exercised. The response of host device 201 may include execution of diagnostic and/or 
recovery code. 
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In a preferred embodiment, power data line 205 may include a range of operations, 
depending upon which device is being emulated. Generally, emulator 202 receives its actual 
operating power independently of power data line 205. Thus, in a preferred embodiment, 
power data line 205 is generally not employed to supply operating power to emulator 202. 
5 Rather, power data line 205 is preferably a data communication line which transmits data 

which emulates various power data line conditions for a device being emulated by emulator 
202. It will be appreciated that some of the devices being emulated may ordinarily receive 
their power from host device 201, while others may be powered independently of host device 
201 but conduct data and control data line communication with host device 201 . 
J0 For example, where emulator 202 is emulating a device normally powered by host 

device 20 1 , host device 20 1 preferably transmits data messages along power data line 205 
1" which represent power levels for the emulated device. During steady state operation, host 

device 205 may transmit a power value to emulator 202 representing a power value to be 
supplied to the emulated device. Upon receipt of this power value, software within emulator 
1 5 202 preferably operates to establish the transmitted power value as the operating power level 
for the emulated device. The emulated behavior of the device preferably responds to the 
established power value according to the characteristics of the emulation program within 
emulator 202. Under more complex power cycling conditions, a series of power values, 
which may vary rapidly as a function of time, are preferably transmitted from host device 
20 201 to emulator 202 for input to an appropriate program running within emulator 202. As is 
the case with a steady state power value, the operation of the emulated device then preferably 
follows the characteristics of the emulated device incorporated into the emulation program 
within emulator 202. 

In a preferred embodiment, the software in emulator 202 also preferably accurately 
25 emulates the effects on user data line 203 and control data line 204 of transient power 
conditions on power data line 205. For example, where the presence of transient power 
conditions on power data line 205 would normally cause random or "noise" data to appear on 
a peripheral device data communication line, emulator 202 software preferably causes such 
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data to appear on user data line 203 to accurately represent the operation of the device being 
emulated. The above example illustrates but one example of the effect of one 
communication line upon another, in this case, an effect of a power state upon user data line 
203. It will be appreciated that many other such interrelationships may exist between the 
5 data transmitted along communication lines 203-205. 

A more limited operation of power data line 205 may include merely sensing the 
presence or absence of a device at the emulator 202 end of power data line 205. This more 
limited operation of power data line 205 may be employed where the peripheral device being 
emulated is powered by a source independent of host device 201 . While the above 
10 discussion concerns an arrangement in which host device 201 supplies data along power data 
line 205 to emulator 202, which represents power values. In an alternative embodiment, host 
device 201 could supply actual operating power to emulator 202. 

In a preferred embodiment, host device 201 and emulator 202 may each be any one of 
a number of intelligent processing devices. The operations of host device 201 may be 
1 5 performed by a personal computer but, alternatively, may be performed by any one of a 

number other computing devices. Likewise, emulator 202 may be a personal computer, but 
could also be any one of number of other computing devices having appropriate processing 
power and one or more data communication interfaces for communication with host device 
201. It will be appreciated that host device 201 and/or emulator 202 may comprise more 
20 than one data processing device, and all such variations are included within the scope of the 
present invention. 

FIGURE 3 is a block diagram 300 representing interaction between various software 
functions according to a preferred embodiment of the present invention. It will be 
appreciated that fewer or more operational software blocks could be included in the 
25 emulation of a peripheral device by a host device, and all such variations are included in the 
scope of the present invention. 

In a preferred embodiment, program code is implemented which includes the various 
functional blocks depicted in FIGURE 3. Herein, "host software" generally refers to 
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software implemented within host device 201 (FIGURE 2) and "emulator software" generally 
refers to software implemented within emulator 202 (FIGURE 2) for emulating the operation 
of a selected peripheral device and interacting with communication interfaces between 
emulator 202 and host device 201. 

5 In a preferred embodiment, host software includes main code 301 which operates user 

data line 203, control data line 204, and power data line 205 communication with emulator 
202. Where appropriate, main code 301 may call diagnostic code 302 and/or recovery code 
303. Diagnostic code 302 is preferably executed when a fault condition is indicated in order 
to determine a cause of such fault. Where beneficial, recovery code 303 may be called to 

10 correct errors or problems caused by a fault condition or other cause. The arrows between 
functional blocks in FIGURE 3 generally indicate the availability of bi-directional 
communication between such blocks. Generally, each block at an end of a bi-directional 
arrow is able to influence the operation of the block at the other end of the arrow. 

- In a preferred embodiment, emulator software preferably includes code for executing 

1 5 operations associated with each of user data line 203, control data line 204, and power data 
line 205, designated respectively, as user data line code 305, control data line code 306, and 
power data line code 307. In each case, blocks 305-307 preferably operate to execute 
operations associated with data, both incoming and outgoing, with their respective 
communication lines. Preferably, general operational code 304 executes functions 

20 representing the general operation of a device being emulated by emulator 202 (FIGURE 2). 
The features of general operational code 304 will preferably vary depending upon the device 
being emulated. 

FIGURE 4 depicts an apparatus for use in interfacing an emulator to a host device 
according to a preferred embodiment of the present invention. FIGURE 4 includes some of 
25 the same features depicted in FIGURE 2, such as host device 201, emulator 202, and the 
data, control, and power data lines. However, FIGURE 4 depicts certain preferred 
interfacing components for implementing the inventive set of connections between host 
device 201 and emulator (or, target mode emulator) 202. In a preferred embodiment, host 
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device 201 may be implemented as part of a high availability storage system. Alternatively, 
host device 201 may be associated with a number of other data processing applications. 

In a preferred embodiment, host device 201 includes a controller host bus adapter 
(HBA) 401 for interfacing with user data line 203 and a control/power interface 402 for 
interfacing host device 201 with control data line 204 and power data line 205. Generally, 
each of user data line 203, control data line 204, and power data line 205 may include a 
plurality of physical wires. One possible implementation of control/power interface 402 
would involve deployment of a general purpose interface card (GPIO card). Alternatively, a 
number of other interface cards, either general purpose or custom, may be employed, and all 
such variations are included within the scope of the present invention. 

In a preferred embodiment, controller HBA 401 of host device 201 transmits data 
along user data line 203 to emulator data interface port 403 of emulator 202. Separately, 
control/power interface 402 of host device 201 preferably conducts communication along 
control data line 204 and power data line 205 with emulator control/power interface 404 
within emulator 202. While the embodiment of FIGURE 3 is shown employing a single 
device in each of host device 201 and emulator 202 for interfacing each of the devices with 
control data line 204 and power data line 205, it will appreciated that an alternative 
embodiment could employ a separate interface in each of the host device 201 and emulator 
202 for interacting with each of control data line 204 and power data line 205. 

In a preferred embodiment, data received at emulator data interface port 403 and 
emulator control/power interface 404 is fed into the "command and control processing" 
functional block 405. Preferably, software operation within command and control processing 
block 405 performs operations employing data received from interfaces 403 and 404 and 
generates responses to be transmitted back toward host device 201 along user data lines 203 
and control data line 204. Although the preferred embodiment depicted in FIGURE 3 
depicts uni-directional communication from host device 201 to emulator 202 for power data 
line 205, an alternative embodiment of the present invention could deploy bi-directional 
communication along power data line 205. 
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In a preferred embodiment of the present invention, manipulation of data on the 
control data line may be beneficially employed to emulate the attachment of peripheral 
devices to different ports on host device 201. Specifically, an address for a device being 
emulated may be initially established to correspond to a first port by sending appropriate data 
along control data line 204. Once testing of the emulated device at the first port is 
completed, the host device may establish new address data corresponding to a second port 
connection for the device being emulated by transmitting appropriate data along control data 
line 204 to emulator 202. By repeating this process, host device 201 is preferably able to 
conduct several tests of a particular emulated device, with the emulated device having a 
different emulated port connection for each test. 

The above-described approach thereby preferably enables efficient, rapid, and 
programmable modification of emulated peripheral device attachment to the host device. 
Preferably, when changing port connections for a particular emulated peripheral device, 
physical removal and re-attachment of the peripheral device to the host device is preferably 
also emulated. This removal and re-attachment may be emulated by transmitting 
appropriately adjusted power values from host device 201 to emulator 202 to reflect the loss 
and subsequent restoration of power to the peripheral device. 

FIGURE 5 depicts a control interface connection between host device 201 and 
emulator 202 according to a preferred embodiment of the present invention. FIGURE 5 
depicts one possible selection of control interface connections which may be implemented 
within control data line 204 and power data line 205 (FIGURE 2). It will be appreciated that 
fewer or more connections may be established, and that connections other than those shown 
in FIGURE 5 may be implemented within control data line 204, and all such variations are 
included within the scope of the present invention. 

In a preferred embodiment, ID select lines 0-4 501 are interface lines which establish 
address values for a device being emulated. Communication along ID select lines 501 is 
generally uni-directional from host device 201 to the emulator 202. However, in an 
alternative embodiment, ID select lines 501 could conduct bi-directional communication. 
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DIE 0 and DIE 1 are preferably data interface enable lines 502 and preferably conduct uni- 
directional communication from emulator 202 to host device 501. FD or fault detect line 503 
preferably conducts uni-directional communication from emulator 202 to host device 201. 

In a preferred embodiment, motor control data lines 504, or MC0 and MCI, conduct 
uni-directional communication from host device 201 to emulator 202. Where, for example, 
the device being emulated is a disk drive, motor control data lines 504 preferably enable host 
device 201 to activate or deactivate the motors within the disk drives. Since running the 
motors within disk drives consumes a significant amount of energy, and selected disk drives 
are not continuously in use, substantial energy savings may be obtained by turning off the 
motors in selected drives when the drives are not in use. Power supply lines 505, or PS0 and 
PS1, preferably support uni-directional communication from host device 201 to emulator 
202. Power supply lines or power supply detection lines 505 may be employed to indicate to 
host device 201 whether emulator 202 is connected to and/or available to host device 201 . 

Where the device being emulated is a disk drive or storage mechanism having an 
active communication interface, various types of communication may be conducted. One 
basic type of communication involves user data actually stored on a disk within the disk 
drive. In order for host device 201 to retrieve this type of data from a disk drive, or emulated 
disk drive, the disk drive motor should be spinning. Thus, certain steps are generally 
pursued, such as issuing a command along control data line 204 to turn on the disk drive 
motor in order to retrieve the data stored on the disk itself. Other data may be retrieved from 
a disk drive or other storage device which does not require that the disk drive motor be 
spinning. For example, communication pertaining to the identity and status of the drive, 
which is generally independent of data stored on the drive, may preferably be conducted 
between host device 201 and the disk drive without activating the disk drive motor. 
Accordingly, the features of the control data line communication between host device 201 
and emulator 202 (which may emulate a wide range of devices) are preferably adjusted to 
suit the characteristics of the device being emulated. 
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FIGURE 6 depicts an example of logic flow during a device emulation according to a 
preferred embodiment of the present invention. The logic flow depicted in FIGURE 6 
generally assumes that the device being emulated has a motor or other analogous active 
electro-mechanical device. Reference may be made to FIGURE 2 in connection with the 
5 mention of host device 201 and emulator 202. 

In a preferred embodiment, an exchange of information may be initiated by sending a 
request for information from host device 201 to emulator 202, in step 601 . Execution of this 
step generally requires that emulator 202 (which may be a target mode emulator) is turned on 
and connected to host device 201. 
'' to At step 20 1 , host device 20 1 preferably determines whether a data interface on 

ft emulator 202 is enabled by checking DIE lines 502 (FIGURE 5). If the data interface is not 

Q enabled, generally no response will be provided by host 201, as indicated in step 606. If the 

% data interface is enabled, host device 201 preferably determines whether emulator 202 is 

=! P available and connected by checking power supply detection line 505. If emulator 202 is not 

1=45 available, a response will generally not be provided by host device 201, as indicated in step 
% 606. If emulator 202 is available, the host device preferably proceeds to determine the 

+; identity of the device being emulated. 

iJ At step 604, the host device preferably determines whether the emulated device with 

which it is communicating is the correct device. This determination may be made by 

20 retrieving an address from the emulated device and comparing this retrieved address with an 
address at which host device 201 expected the emulated device to be located. If the wrong 
device is in communication with the host device, a response by host device 201 will 
generally not be provided, as indicated in step 606. 

If the correct device is being addressed by host device 201, the inventive mechanism 

25 then determines whether host device 201 seeks user data or product identification 

information. (Herein, "user data" generally refers to data stored on a hard disk drive or other 
storage device as opposed to overhead data which describes the identity and location of the 
disk drive or other emulated device). If the requested information in product information, 
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which generally does not require activating a disk drive motor or otherwise delving into user 
data storage within an emulated storage device, then the product information is returned to 
host device 201 at step 608. If the requested information is user data, the inventive 
mechanism then determines the status of the disk drive or other storage device motor at step 
5 607. In an emulation environment, the status of the "motor" or storage device active 

mechanism is generally a bit or flag established by software operating within emulator 202 as 
opposed to a condition of an actual physical device. 

If the storage device active mechanism or motor is running, emulator 202 preferably 
acquires the data from the disk or other storage format and transmits this acquired data to 

1 0 host device 201 in step 608. If the storage device active mechanism or motor is not running, 
in step 607, emulator 202 preferably transmits a "not ready" signal to host device 201 in step 
609 to indicate that it is not currently able to satisfy the request for data initiated in step 601 . 
In the above, the responses to host device 201 from emulator 202 are generally handled by 
the command and control processing functional block 405 (FIGURE 4) within emulator 202. 

1 5 FIGURE 7 illustrates computer system 700 adaptable for use with a preferred 

embodiment of the present invention. Central processing unit (CPU) 701 is coupled to 

: system bus 702. CPU 701 may be any general purpose CPU, such as an HP PA-8200. 

However, the present invention is not restricted by the architecture of CPU 701 as long as 
CPU 701 supports the inventive operations as described herein. Bus 702 is coupled to 

20 random access memory (RAM) 703, which may be SRAM, DRAM, or SDRAM. ROM 704 
is also coupled to bus 702, which may be PROM, EPROM, or EEPROM. RAM 703 and 
ROM 704 hold user and system data and programs as is well known in the art. 

Bus 702 is also coupled to input/output (I/O) adapter 705, communications adapter 
card 711, user interface adapter 708, and display adapter 709. I/O adapter 705 connects to 

25 storage devices 706, such as one or more of hard drive, CD drive, floppy disk drive, tape 

drive, to the computer system. Communications adapter 71 1 is adapted to couple computer 
system 700 to network 712, which may be one or more of local (LAN), wide-area (WAN), 
Ethernet or Internet network. User interface adapter 708 couples user input devices, such as 
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keyboard 713 and pointing device 707, to computer system 700. Display adapter 709 is 
driven by CPU 701 to control the display on display device 710. 

Although the present invention and its advantages have been described in detail, it 
should be understood that various changes, substitutions and alterations can be made herein 
without departing from the spirit and scope of the invention as defined by the appended 
claims. Moreover, the scope of the present application is not intended to be limited to the 
particular embodiments of the process, machine, manufacture, composition of matter, means, 
methods and steps described in the specification. As one of ordinary skill in the art will 
readily appreciate from the disclosure of the present invention, processes, machines, 
manufacture, compositions of matter, means, methods, or steps, presently existing or later to 
be developed that perform substantially the same function or achieve substantially the same 
result as the corresponding embodiments described herein may be utilized according to the 
present invention. Accordingly, the appended claims are intended to include within their 
scope such processes, machines, manufacture, compositions of matter, means, methods, or 
steps. 



HP Docket No. 10002221-1 



Attorney Docket No. 10002221-1 



19 



PATENT 



WHAT IS CLAIMED IS: 

1 . A method for emulating an operation of a dynamically reconfigurable 
computer system, the method comprising the steps of: 

providing operational data communication between a host device and an emulator; 

and 

employing said provided operational data to control an operation of an emulated 
device at said emulator. 

2. The method of claim 1 further comprising the step of: 

providing user data communication between said host device and said emulator. 

3 . The method of claim 2 wherein said step of providing operational data 
comprises the step of: 

establishing a power level for said operation of said emulated device. 

4. The method of claim 3 further comprising the step of: 

adjusting the operation of said emulated device according to said established power 

level. 

5. The method of claim 4 wherein said adjusting step comprises the step of: 
adjusting said provision of user data communication between said host device and 

said emulator according to said established power level. 
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6. The method of claim 3 wherein said step of providing operational data 
comprises: 

dynamically modifying said established power level to emulate one of a connection 
and a disconnection of a power attachment for said emulated device. 

7. The method of claim 6 further comprising the step of: 
continuously adjusting the operation of said emulated device based upon said 

dynamically modified established power level. 

8. The method of claim 7 wherein said continuously adjusting step comprises the 

step of: 

discontinuing provision of user data communication when upon occurrence of said 
disconnection of said power attachment to said emulated device. 

9. The method of claim 1 wherein said step of providing operational data 
communication comprises the step of: 

establishing an address at said host device to which said emulated device is 
connected. 

10. The method of claim 9 wherein said step of providing operational data 
communication comprises: 

modifying said established address at said host device to which said emulated device 
is connected. 
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1 1 . The method of claim 1 wherein said step of providing operational data 
communication comprises the step of: 

providing a fault detect signal to said host device to indicate a fault condition within 
said emulated device. 

12. The method of claim 1 wherein said step of providing operational data 
communication comprises the step of: 

dynamically detecting a connection of said emulator to said host device. 

13. The method of claim 1 wherein said step of providing operational data 
communication comprises the step of: 

enabling control at least one component within said emulated device by said host 

device. 

14. A system for emulating an operation of a peripheral device, the system 
comprising: 

a host device; 

an emulator connected to said host device; and 

at least one control data line deployed between said host device and said emulator. 

15. The system of claim 14 further comprising: 

at least one power data line deployed between said host device and said emulator. 
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1 6. The system of claim 1 5 wherein said at least one power line comprises : 

a power supply line for dynamically detecting a connection of said emulator to said 
host device. 

17. The system of claim 14 wherein said at least one control line comprises: 
a motor control line for activating a component within a device emulated by said 

emulator. 

18. A computer program product having a computer readable medium having 
computer program logic recorded thereon for emulating an operation of a dynamically 
reconfigurable computer system, the computer program product comprising: 

code for providing operational data communication between a host device and an 
emulator; 

code for employing said provided operational data to control an operation of an 
emulated device at said emulator; and 

code for conducting user data communication between said host device and said 
emulator in accordance with contents of said operational data. 

19. The computer program product of claim 18 wherein said code for providing 
operational data comprises: 

code for establishing a power level for said operation of said emulated device. 

20. The computer program product of claim 19 wherein said code for providing 
operational data comprises: 
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code for dynamically modifying said established power level to emulate one of a 
connection and a disconnection of a power attachment to said emulated device. 
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EMULATION OF DYNAMICALLY RECONFIGURABLE 
COMPUTER SYSTEM 

ABSTRACT OF THE DISCLOSURE 
The present invention relates to a system and method for emulating a greater range of 
behavior of a peripheral device connected to a host device or host computer than was 
available in the prior art. The emulation of a greater range of activity of the peripheral 
device provides an opportunity to more fully test the interaction of a host device with the 
emulated peripheral device. More specifically, the present invention preferably adds control 
data line and power data line connections to user data line connections between the host 
device and an intelligent emulator so that variations in control settings and power levels may 
be exercised in addition to manipulation of transmissions along a user data line, thereby more 
fully exercising host device interaction with an emulated device. 



HP Docket No. 10002221-1 



1/3 



101 102 



(PRIOR ART) 










HOST 


DATA LINE 


EMULATOR 




DEVICE 


/ 
103 



201 202 



FIG. 2 

200-^ 





USER DATA LINE 






/ 
203 




HOST 


CONTROL DATA LINE 


EMULATOR 


DEVICE 


/ 
204 

POWER DATA LINE 




/ 





FIG. 3 



HOST SOFTWARE 



302-^ 


DIAGNOSTIC 
CODE 












MAIN 
CODE 








301 


303-^ 


RECOVERY 
CODE 







300 

S 305 
EMULATOR SOFTWARE / 



DATA LINE CODE 
















CONTROL 
LINE CODE 




GENERAL 
OPERATIONAL 
CODE 




306 








s 

, 304 




POWER LINE CODE 





307 



2/3 



FIG. 4 



201 



COMPLETE 
EMULATION ^ 

OF ALL 
DRIVE LINES 

403- 
202- 



HOST DEVICE 


^- CONTROLLER HBA 


CONTROL/POWER / 
INTERFACE 


203^ 


204 




^205 


"n lines 


M LINES 

- 




POWER ^ 










EMULATOR DATA 
INTERFACE PORT 


IMULATOR CONTROL/. 
POWER INTERFACE 




:: 1 




" 405 ^ 


COMMAND(S) AND 
CONTROL PROCESSING 






EMULATOR 



400 



-404 



FIG. 5 



500 



CONTROL 
INTERFACE 



HOST 
CONTROL 
LINES 



HOST DEVICE 

1 

201 



ID_SEL0 | 




ID.SEL1 




ID_SEL2 \ 501 




1D.SEL3 




1D_SEL4 I 




D1E0 }502 
DIE1 J 

FD -^ 503 




: m m c c ?} 504 




: p p s > 5 




EMULATOR 


202 



PATENT APPLICATION 



DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 



ATTORNEY DOCKET NO. 1QQQ2221-1 



As a below named inventor, I hereby declare that: 

My residence/post office address and citizenship are as stated below next to my name; 
I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and 
joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a 
patent is sought on the invention entitled: 

Emulation Of Dynamically Reconfigurable Computer System 

the specification of which is attached hereto unless the following box is checked: 

( ) was filed on as US Application Serial No. or PCT International Application 

Number and was amended on (if applicable). 



I hereby state that I have reviewed and understood the contents of the above-identified specification, 
including the claims, as amended by any amendment(s) referred to above. I acknowledge the duty to 
disclose all information which is material to patentability as defined in 37 CFR 1.56. 

Foreign Application(s) and/or Claim of Foreign Priority 

I hereby claim foreign priority benefits under Title 35, United States Code Section 1 1 9 of any foreign application(s) for patent or 
inventor(s) certificate listed below and have also identified below any foreign application for patent or inventor(s) certificate having 
a filing date before that of the application on which priority is claimed: 



Provisional Application 

I hereby claim the benefit under Title 35, United States Code Section 119(e) of any United States provisional applic 



APPLICATION SERIAL N 



U. S. Priority Claim 

I hereby claim the benefit under Title 35, United States Code, Section 120 of any United States application(s) listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States application in the 
manner provided by the first paragraph of Title 35, United States Code Section 112, I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal Regulations, Section 1 .56(a) which occurred between the filing date of the prior 
application and the national or PCT international filing date of this application: 



POWER OF ATTORNEY: 

As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) t 
business in the Patent and Trademark Office connected therewith: 



prosecute this application and 



Customer Number 022879 



Place Customer 
Number Bar Code 
Label here 



Send Correspondence to: 
HEWLETT-PACKARD COMPANY 
Intellectual Property Administration 
P.O. Box 272400 

Fort Collins, Colorado 80528-9599 



Direct Telephone Calls To: 
Steven R. Ormiston 
(208) 396-2544 



I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made 
with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issued thereon. 

Full Name of Inventor: Gordon MarqulieUX Citizenship: US 

Residence: 2040 Interlachen Wav. Meridian. ID 83642 

Post office Address: Same as Residence 



Post Office Address: _o 



e Two For Additi< 



□r(s) Signature(s)) 



